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(57) ABSTRACT

A method 1s for producing seals on faces of electrochemical
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an electrochemical reactor Each component is 1n the form of
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the first face of a component and includes a groove designed
to receive, without deforming, the first seal previously
formed on the first face of said component, and a molding
face pressed against the second face of another component
and having a molding surface for shaping the second seal
deposited on the second face of said other component as a
result of compressing the stack. The method also includes at
least partially polymerizing the second seals.
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METHOD FOR PRODUCING SEALS ON
ELECTROCHEMICAL REACTOR
COMPONENTS

The present mnvention relates to the field of electrochemi-
cal reactors, and 1n particular a method for manufacturing
seals and electrochemical reactor components.

BACKGROUND

A fuel cell 1s an electrochemical reactor making 1t pos-
sible to produce electricity from a fuel and an oxidizer, by
oxidation-reduction between the fuel and the oxidizer.

An 10n exchange membrane fuel cell comprises two fluid
compartments, each for the circulation of a respective reac-
tive gas, and at least one membrane separating the fluid
compartments for the oxidation-reduction of the reactive
gases with 1on exchange through the ion exchange mem-
brane. One fluid compartment, called anodic compartment,
1s used for the circulation of a gaseous fuel, and one fluid
compartment, called cathodic compartment, 1s used for the
circulation of a gaseous oxidizer.

When the fuel cell 1s active, the fuel circulates in the
anodic compartment along the face of each i1on exchange
membrane turned toward the end of the compartment, and
the oxidizer circulates in the cathodic compartment along
the face of each 1on exchange membrane turned toward the
cathodic compartment. The fuel cell produces electricity by
oxidation-reduction reaction of the fuel and the oxidizer
through each 1on exchange membrane.

It 1s possible to produce a fuel cell made up of a stack of
separating plates and 10n exchange membranes, the separat-
ing plates being provided with channels for the circulation of
the reactive gases along opposite faces of each ion exchange
membrane. Anodic channels of the separator plates are
connected to one another to form the anodic compartment,
and cathodic channels of the separator plates are connected
to one another to form the cathodic compartment.

It 1s necessary to ensure sealing between the separator
plates and the stacked membranes to avoid gas leaks. To that
end, 1t 1s possible to provide that the plates are equipped with
sealing gaskets.

However, a fuel cell formed by a stack may comprise
several tens of separator plates and membranes. Forming
seals may therefore be tedious.

Furthermore, the seals must be manufactured with a
precise geometry to obtain reliable sealing for a determined
compression force of the stack.

SUMMARY OF THE INVENTION

One of the aims of the mvention 1s to propose a method
for manufacturing seals and components of an electrochemi-
cal reactor, the method being easy and cost-efliective to carry
out and making 1t possible to obtain seals with a precise
geometry.

To that end, a method 1s provided for producing seals on
taces of electrochemical reactor components intended to be
stacked 1n order to form an electrochemical reactor, each
component being in the form of a plate and having a first
face and an opposing second face, the first face being
designed to receive a first seal and the second face being
designed to receive a second seal, the method comprising:

shaping the first seals on the first faces of the components,

the first seals being at least partially polymerized;
depositing the second seals on the second face of the
components; and
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shaping the second seals by compressing a stack formed
from the components alternating with the molding
plates, each molding plate having a bearing face
pressed against the first face of a component and
comprising a groove designed to receive, without
deforming, the first seal previously formed on the first
face of said component, and a molding face pressed
against the second face of another component and
having a molding surface for shaping the second seal
deposited on the second face of said other component
as a result of compressing the stack; and

at least partially polymerizing the second seals.

In one embodiment, the shaping of the first seals com-
Prises:

depositing the first seals on the first face of the compo-

nents; and

shaping the first seals by compressing a stack formed

from the alternating components and molding plates,
cach molding plate having a bearing face pressed
against the second face of a component, and a molding,
face pressed against the first face of another component
and having a molding surface for shaping the first seal
deposited on the first face of said other component as
a result of compressing the stack; and

at least partially polymerizing the first seals.

In one embodiment, identical molding plates are used for
the shaping stack of the first seals and the shaping stack of
the second seals.

In one embodiment, the molding plates are turned over
relative to the components to go from the first stack to the
second stack.

In one embodiment, each molding plate 1s formed 1n a
single piece.

In one embodiment, each molding plate has a core bear-
ing, on the molding face, shims attached on the core and
defining seal shaping grooves between them.

In one embodiment, the components are separator plates,
comprising grooves designed to define reactive fluid circu-
lation channels.

A molding plate for producing seals on electrochemical
reactor components designed to be stacked to form an
clectrochemical reactor 1s also provided, each component
being in the form of a plate and being provided to receive
seals on a first face and an opposing second face of the
component, the molding plate having a bearing face com-
prising a groove designed to receive, without deforming it,
a seal previously formed on a face of the component against
which the bearing face 1s pressed, and a molding face having
a molding surface for the shaping of a seal deposited on a
face of a component against which the molding face 1is
pressed.

In one embodiment, each molding plate 1s formed 1n a
single piece.

In one embodiment, the molding plate has a core bearing,
on the molding face, shims attached on the core and defining
seal shaping grooves between them.

BRIEF SUMMARY OF THE DRAWINGS

The invention and 1ts advantages will be better understood
upon reading the following description, provided solely as
an example, and done in reference to the appended draw-
ings, in which:

FIGS. 1 to 4 show successive steps ol a method for
producing seals on electrochemical reactor components,
more particularly on separator plates;
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FIG. 5 partially 1illustrates an electrochemical reactor
formed using separator plates;

FIGS. 6 and 7 illustrate molding plates for carrying out
the manufacturing method.

DETAILED DESCRIPTION

The implementation of the manufacturing method illus-
trated 1n FIGS. 1 to 4 makes 1t possible to form seals on a
plurality of electrochemical reactor components, by forming,
a seal on each of the two opposite faces of the components
in plate form.

As 1llustrated in FIG. 1, the electrochemical reactor
components here are bipolar separator plates 2.

Each separator plate 2 1s intended to be inserted between
two 10on exchange membranes 1n a stack of an electrochemi-
cal reactor.

Each separator plate 2 comprises a first face 2A and a
second face 2B each provided with channels 4A, 4B for the
circulation of reactive gases.

The first face 2A and the second face 2B each have a
sealing step 6A, 6B provided to recerve the seal to ensure
sealing with an 1on exchange membrane pressed against the
tace, or with an adjacent separator plate.

The sealing steps 6A, 6B are preferably situated at the
periphery of the separator plate 2 and surround the reactive
gas circulation channels 4A, 4B to provide sealing around
the latter. The first face 2A and the second face 2B each have
a sealing step extending around one or several closed line(s),
to define sealed zones on the separator plate 2.

The first face 2 A and the second face 2B each have sealing
grooves 8A, 8B to recerve a seal, the sealing steps 6 A, 6B
being provided at the bottom of the sealing grooves 8A, 8B.
Alternatively, the sealing steps 6A, 6B are not provided at
the bottom of the grooves.

The manufacturing method 1s carried out using several
identical molding plates 10.

Each molding plate 10 comprises a molding face 12 and
a bearing face 14.

The molding face 12 1s provided with a molding surtace
16 provided to come 1nto contact with a seal deposited on a
face of a separator plate 2 against which the molding face 12
of the molding plate 10 1s pressed.

The molding surface 16 1s provided to shape the seal with
a precise geometry, due to the pressing of the molding plate
10 against the separator plate 12. The molding surface 16 1s
in particular provided to form the seal with a predetermined
height H, preferably comprised 1in an allowance range, for
example with an allowance of +/- several micrometers.

The molding face 12 here comprises a molding groove 18
at the bottom of which the molding surface 16 i1s provided.

The bearing face 14 of each molding plate 10 1s provided
to bear against a face of a separator plate 2 provided with a
seal deposited, shaped and at least partially or completely
polymerized, without coming 1nto contact with this seal.

The bearing face 14 comprises a receiving groove 20
provided to receive a seal previously formed on a face of the
separator plate 2 when this face of the separator plate 2 1s
pressed against the bearing face 14 of the molding plate 10.
The recerving groove 20 1s positioned to be situated at the
sealing step of the separator plate, and has dimensions
allowing the walls of the recerving groove 20 not to interfere
with the seal previously formed on the separator plate 2.

As shown 1 FIG. 1, the molding groove 18 and the
receiving groove 20 are positioned in line with one another.
The molding groove 18 has a depth P1 strictly smaller than
that P2 of the receiving groove 20.
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The method for producing seals on the separator plates
will now be described 1n reference to FIGS. 1 to 4.

The first face 2A and the second face 2B of the separator
plates 2 mitially have no seals.

In a first step (FIG. 1), a first seal 22A 1s deposited on the
first face 2A of the separator plate 2. The first seal 22A 1s
deposited on the sealing step 6A of the first face 2A.

The expression “deposit the seal” here means depositing,
a seal seam 1n a viscosity state allowing 1t to be shaped. The
seal 1s provided 1n a synthetic or natural polymerizable
material. At the time of deposition, the seal 1s not polym-
erized.

The first seal 22 A 1s deposited on the separator plate 2 1n
a known manner, for example using an automatic machine
having an injection nozzle movable relative to the separator
plate to apply the first seal 22A along the sealing step 6A.

The separator plates 2 whose first faces 2A are provided
with non-polymerized first seals 22 A are used to form a first
stack 24 1n which the separator plates 2 and the molding
plates 10 alternate, the molding faces 12 of the molding
plates 10 being pressed against the first faces 2A of the
separator plates 2, and the bearing faces 14 of the molding
plates 10 being pressed against the second faces 2B of the
separator plates 2.

Preferably, the first faces 2A of the separator plates 2 are
preferably turned upward, and the molding faces 12 of the
molding plates 10 are turned downward.

The first stack 24 1s made progressively, each separator
plate 2 being added once the first seal 22A has been
deposited therecon. Alternatively, the first seals 22A are
deposited on several separator plates 2, before stacking these
separator plates 2 with alternating molding plates 10.

Due to the pressing of the molding face of a molding plate
against the first face of each separator plate, the molding
surface of the molding plate 1s pressed against the first seal
deposited on this separator plate. This results 1n shaping of
the seal.

The expression “shaping of the seal” here refers to giving
the seal the required geometry, here in particular the required
height H. As shown in FIGS. 1 and 2, a shaped seal here has
a flat at 1ts apex.

In a third step (FIG. 2), the first seals 22A are at least
partially polymerized. The first seals 22A are only partially
polymerized or substantially completely polymerized. The
first seals 22A are polymerized enough to retain their
geometry after stripping. The first seals 22 A are for example
surface polymerized so as to retain their geometry, while
their cores are not polymerized.

To ensure polymerization, the first stack 24 1s for example
heated to a determined temperature and for a determined
length of time (Arrow T).

Preferably, a compression force C (FIG. 2) 1s exerted on
the first stack of 24 to press the molding face 12 of each
molding plate 10 against the first face 2A of the separator
plate 2 across from it. The compression force 1s maintained
for shaping and during polymerization.

In a fourth step (FI1G. 3), each separator plate 2 1s removed
from the first stack. The second non-polymerized seal 22B
1s deposited on the second face 2B of the separator plate 2,
more particularly on the sealing step 6B of the second face
2B.

The separator plates 2 whose second faces 2B are pro-
vided with non-polymerized second seals 22B are used to
form a second stack 26, 1n which the separator plates 2 are
stacked alternating with the molding plates 10, the molding
faces 12 of the molding plates 10 being pressed against the
second faces 2B of the separator plates 2, and the bearing
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tace 14 of the molding plates 10 being pressed against the
first faces 2A of the separator plates 2. The first seals 22A are
received 1n the receiving grooves 20 of the bearing faces 14
without interfering with the molding plates 10.

In the second step 26, the separator plates 2 are turned
over relative to the first stack 24, while the molding plates
2 are not turned over.

In the second stack 26, the second faces 2B of the
separator plates 2 are preferably turned upward, and the

molding faces 12 of the molding plates 10 are turned
downward.

Due to the production of the second stack 26, the second
seals 22B are shaped by the molding plates 10 with the
desired geometry, and 1n particular with the desired height
H.

Preferably, the second stack 1s subject to a compression
torce (Arrow C) for the shaping of the second seals 22B. The

compression force 1s maintained for shaping and during
polymerization.

Owing to the receiving grooves of the bearing faces, the
first seals previously formed on the first faces of the sepa-
rator plates are not deformed or stressed 1n the second stack.
They thus retain the shape given to them in the first stack.

Once the second stack 1s produced, the second seals are
completely polymerized. 11 the first seals were only partially
polymerized at the end of the polymerization applied to the
first stack, their polymerization 1s completed during the
polymerization applied to the second stack.

To go from the first stack (FIG. 2) to the second stack
(FIG. 4), 1t 1s possible to proceed plate by plate, by trans-
ferring a molding plate 10 from the first stack 24 to the
second stack 26 without turning it over, then taking the
separator plate 2 that was situated below 1n the first stack 24,
while depositing the second seal 22B on 1ts second face 2B,
then setting 1t on the second stack 26 after having turned 1t
over.

The first seals 22A and the second seals 22B of the
separator plates 2 are formed with the same molding plates
10, using a smaller number of molding plates 10, since each
molding plate 10 1s used to mold a seal on a separator plate
2 situated on one side and serves for bearing for another
separator plate 2 situated on the opposite side.

The smaller number of molding plates 10 limits the cost
of the tooling to carry out the production method, since a
limited number of molding plates 10 suilices, as well as the
implementation 1tself of the production method, since the
manipulations of the molding plates 10 are also limited. The
storage of the molding plates 10 1s also made easier. This 1s
particularly advantageous for producing electrochemical
reactors, which may comprise several tens of stacked sepa-
rator plates 2.

The production method may be carried out eflectively, in
particular to go from the first stack to the second stack.

Furthermore, the seals can be made with better mastery of
the polymerization times. All of the first seals are produced
with a close or 1dentical polymerization time, and all of the
second seals are produced with a close polymerization time.

Preferably, the first seals 22A are only partially polym-
erized 1n the first stack 24 when one goes to depositing the
second seals 22B and forming the second stack 26. This
makes 1t possible to limit the difference in polymerization
times of the first seals 22 A on the one hand, and the second

seals 22B on the other hand.

The first seal 22A and the second seal 22B of each
separator plate 2 are 1dentical. They extend along the same
line(s) and have the same geometry 1n section. The first seal
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22A and the second seal 22B of each separator plate 2 are
formed with 1dentical molding plate 10 molding faces 12.

As shown 1n FIG. §, an 10n exchange membrane electro-
chemical reactor 30 comprises a stack 32 in which the
separator plates 2 and membrane/electrode assemblies 34
alternate.

Each membrane/electrode assembly 34—also called
EME——comprises an ion exchange membrane 36 sand-
wiched between two electrodes 38. Each membrane/elec-
trode assembly 34 1s sandwiched between two separator
plates 2.

Only one separator plate/EME/separator plate assembly 1s
shown here, but the stack 32 1n practice comprises a plurality
of such separator plate/EME/separator plate assemblies.
Each separator plate/EME/separator plate assembly defines
an elementary electrochemaical cell 40 of the electrochemical
reactor 30, which 1n practice comprises several of these.

The seals 22 of the opposite faces of the separator plates
2 provide sealing against reactive gases between the sepa-
rator plates 2, and in particular sealing of the circulation
channels for reactive gases on these faces.

The membrane 36 of the membrane/electrode assembly
has a peripheral region 42 that overtlows relative to the
clectrodes 38. This peripheral region 42 1s pinched between
the seals 22 of the opposite faces of the separator plates 2
sandwiching the membrane/electrodes 34 assembly. In one
alternative, the membrane of the membrane/electrodes
assembly has no protruding peripheral region, and the oppo-
site faces of the separator plates come 1nto contact with one
another.

The electrochemical reactor 30 1s for example a fuel cell
1s an electrochemical reactor making 1t possible to produce
clectricity from a fuel and an oxidizer, by oxidation-reduc-
tion between the fuel and the oxidizer. Alternatively, the
clectrochemical reactor 1s an electrolyzer making 1t possible
to produce dihydrogen and dioxide from water and electric-
ity.

As shown in FIGS. 1 to 4, the molding plates 10 are made
in a single piece of material. The molding plates 10 are for
example made from plastic. The receiving grooves 20, the
precise geometry ol which 1s not essential, can result from
molding of the molding plates 10, while the molding sur-
faces 16 are preferably obtained by machining, in order to
have a very precise geometry.

In the alternative illustrated 1n FIG. 6, a molding plate 10
1s formed by a support plate 44, one face of which defines
the bearing face 14 of the molding plate and 1s provided with
receiving grooves 20, and the other face bears shims 46
attached on the support plate 44 and defining the molding
grooves 18 between them. The bottom of the molding
grooves 18 1s formed by said other face of the support plate
44 derived from the molding or made by machining, at least
at the molding grooves 18, in order to have a very precise
geometry.

In the alternative illustrated 1n FIG. 7, a molding plate 10
comprises a support plate 48 provided on one of its two faces
with shims 50, 52 1n order to define the receiving grooves 20
on one face and the molding grooves 18 on the other face.

The production method of FIGS. 1 to 4 has been described
to produce seals on separator plates. The production method
1s applicable to other electrochemical reactor components 1n
plate form. For example, the manufacturing method 1s
applicable to 10n exchange membranes, to form the seals on
the 1on exchange membranes, as replacements for or in
addition to seals manufactured on separator plates.
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What 1s claimed 1s:

1. A method for producing seals on faces of electrochemi-
cal reactor components configured to be stacked 1n order to
form an electrochemical reactor, each of the electrochemical
reactor components being in the form of a plate and having
a respective first face and an opposing respective second
face, each of the first faces being designed to receive a
respective first seal and each of the second faces being
designed to receive a respective second seal, the method
comprising;

shaping the respective first seal on the respective first face

of each of the electrochemical reactor components,

cach of the shaped first seals being at least partially
polymerized;

depositing the respective second seal on the respective

second face of each of the electrochemical reactor

components having the respective shaped and at least
partially polymerized first seal on the respective first
face;

shaping the second seals by compressing a first stack

formed from the electrochemical reactor components,
cach having the respective shaped and at least partially
polymerized first seal on the respective first face and
the respective deposited second seal on the respective
second face, alternating with molding plates, each of
the molding plates having:

a respective bearing face that, as a result of the com-
pressing of the first stack, 1s pressed against the first
face of a respective one of the electrochemical
reactor components of the first stack and comprising
a respective groove designed to recerve, without
deforming, the respective first seal previously
formed on the first face of said respective one of the
clectrochemical components of the first stack, and

a respective molding face that, as a result of the
compressing of the first stack, 1s pressed against the
second face of a respective another one of the
clectrochemical reactor components of the first stack
and having a respective molding surface for shaping
the respective second seal deposited on the second
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face of said respective another one of the electro-
chemical reactor components of the first stack; and
at least partially polymerizing each of the second seals.
2. The production method according to claim 1, wherein
the shaping of the respective first seal on the respective first
face of each of the electrochemical reactor components
COomprises:
depositing the respective first seal on the respective first
face of each of the electrochemical reactor components;

shaping the first seals by compressing a second stack
formed from the electrochemical reactor components
alternating with molding plates, each of the molding
plates having a respective bearing face pressed against
the second face of a respective one of the electrochemi-
cal reactor components, and a molding face pressed
against the first face of a respective another one of the
clectrochemical reactor components and having a
respective molding surface for shaping the respective
first seal deposited on the first face of said respective
another one of the electrochemical reactor components
as a result of compressing the second stack; and

at least partially polymerizing each of the first seals.

3. The production method according to claim 1, wherein
identical molding plates are used for the first stack and the
second stack.

4. The production method according to claim 3, wherein
the molding plates are turned over relative to the electro-
chemical reactor components to go from the first stack to the
second stack.

5. The production method according to claim 1, wherein
cach of the molding plates 1s formed 1n a single piece.

6. The production method according to claim 1, each of
the molding plates has a core bearing, on the respective
molding face, shims attached on the core bearing and
defining seal shaping grooves between them.

7. The production method according to claim 1, wherein
the electrochemical reactor components are separator plates,
comprising grooves designed to define reactive fluid circu-
lation channels.
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